960 J. Med. Chem. 1985, 28, 960-963

mixture was stirred for 18 h at room temperature. The solvent
was then evaporated and the residue was dissolved in CH,Cl, and
washed with brine. The residue obtained after drying (MgSO,)
and evaporating CH,Cl, was chromatographed on silica gel (1%
CH;0H-CH,Cl,) to give 190 mg of 1 and 100 mg (29%) of the
title compound: mp 138-140 °C; NMR (CDCly) é 0.88 (s, 3 H),
1.73 (s, 3 H), 2.0 (m, 4 H), 2.08 (s, 3 H), 2.78 (d,1 H, J = 4 Hz),
3.06 (d,1H,J =4Hz),364(d,1H,J=5Hz),39 (d,1H,J
=13 Hz), 419 (d, 1 H, J = 13 Hz), 4.28 (m, 2 H), 5.50 (br d, 1
H, J = 6 Hz); IR (KBr) 3480, 1715, 1390, 1260, 1040 cm™.. Anal.
(CysHy9NOg) H, N; C: caled, 64.93; found, 64.47.

43,15-Diacetoxy-3a-morpholinotrichothec-9-ene (9):
amorphous solid, mp 73-75 °C; yield 33%; NMR (CDCl,) 6 0.83
(s, 3H), 1.72 (s, 3 H), 2.00 (m, 4 H), 2.06 (s, 3 H), 2.16 (s, 3 H),
2.43-2.69 (m, 4 H), 2.77(d, 1 H,J =4 Hz), 3.06 (d,1 H,J = 4
Hz), 3.61-3.80 (m, 4 H), 3.90-4.21 (m, 3 H), 5.14, (d, 1 H,J = 3
Hz), 5.53 (br d, 1 H, J = 6 Hz); IR (KBr) 1742, 1403, 1245, 1119
cm‘l. Anal (C23H33N07'0.5H20) C, H, N.

15-Acetoxy-3a-(methylamino)-43-hydroxytrichothec-9-ene
(10): amorphous solid, mp 92-94 °C; yield 27%; NMR (CDCl;)
6 0.85 (s, 3 H), 1.74 (s, 3 H), 2.11 (s, 3 H), 2.62 (s, 3 H), 2.78 (4,
1H,J =4Hz),3.08(d,1H,J=4Hz),3.70 (d, 1 H, J = 5 Hz),
3.80-4.34 (m, 4 H), 5.48 (d, 1 H, J = 4 Hz). Anal. (C,gHy;N-
05'0.5H20) C, H, N

An earlier fraction in the silica gel chromatography produced
260 mg (24%) of 15-acetoxy-3-cyano-3-(methylamino)-483-
hydroxytrichothec-9-ene (13): mp 92-94 °C; NMR (CDCl;) ¢ 0.88
(s, 3 H), 1.72 (s, 3 H), 2.00 (m, 4 H), 2.07 (s, 3 H), 2.64 (s, 3 H),
279(d,1 H,J=4Hz),3.12(d,1H,J =4Hz),3.88 d,1H,J

= 12 Hz), 3.89 (s, 1 H), 4.11 (d, 1 H, J = 12 Hz), 4.29 (s, 1 H),
441 (d, 1 H, J = 4Hz), 5.43 (d, 1 H, J = 5 Hz); IR (KBr) 3450,
2230, 1740, 1450, 1417, 1242, 1095, 1042 cm™; MS (CI), m/e 362
éM*, 9%), 335 (M, - HCN, 100%). Anal. (C;sH,;N,0,0.25H,0)
, H, N.
15-Acetoxy-3a-[(2-hydroxyethyl)amino]-43-hydroxy-
trichothec-9-ene (11): amorphous solid, mp 54-56 °C; yield 49%;
NMR (CDCLy) 5 0.85 (s, 3 H), 1.73 (s, 3 H), 1.95 (m, 4 H), 2.08
(s,3H),2.85(d, 1 H, J = 4 Hz), 2.96 (t, 2 H, J = 5 Hz), 3.06 (d,
1H,J=4Hz),3.16 (dd, 1 H, J = 5, 4 Hz), 3.54-3.78 (m, 3 H),
3.86(d,1H, J=13Hz),398(d,1H, J= 5Hz),4.16 (d, 1 H,
J =4Hz),418(d,1H,J =13 Hz), 545 (br d,1 H, J = 6 Hz);
IR (KBr) 3440, 3300, 1740, 1447, 1366, 1245, 1070, 1045 cm™. Anal.
(C19H29N06'0.5H20) C, H, N.
15-Acetoxy-3a-(propargylamino)-43-hydroxytrichothec-
9-ene (12): amorphous solid, mp 59-61 °C; yield 43%; NMR
(CDCly) 6 0.86 (s, 3 H), 1.72 (s, 3 H), 1.80-2.10 (m, 4 H), 2.08 (s,
3H),2.25(t,1H,J =2Hz),2.67(d,1H,J=4Hz),3.06 (d,1
H,J=4Hz),3.35(dd, 1 H,J =5,4Hz),3.61 (d,2 H, J = 2 Hz),
3.65 (d, 1 H, J =5 Hz), 3.86 (d, 1 H,J =13 Hz),4.03 (brd, 1
H,J =5Hz),4.16 (d,1 H, J = 13 Hz),4.17 (d, 1 H, J = 4 Hz),
5.45 (br d, 1 H, J = 5 Hz); IR (KBr) 3460, 3300, 2430, 1742, 1454,
1370, 1250, 1070 cm™. Anal. (CyHxzNO50.5H,0) C, H, N.

Registry No. 1, 2270-40-8; 2, 2269-44-5; 5, 79320-86-8; 7,
79320-89-1; 8, 96110-50-8; 9, 96110-51-9; 10, 96110-52-0; 11,
96110-53-1; 12, 96110-54-2; 13, 96110-55-3; HNMe,, 124-40-3;
NHzMe, 74'89-5, NHz(CHz)on, 141-43-5; NH2CH2CECH,
2450-71-7; morpholine, 110-91-8.

4-Deoxypyrido[1’,2:1,2]imidazo[5,4-¢c Jrifamycin SV Derivatives. A New Series of
Semisynthetic Rifamycins with High Antibacterial Activity and Low Gastroenteric

Absorption
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A series of 4-deoxypyrido[1’,2":1,2]imidazo[5,4-c]rifamycin SV derivatives (6-11) were prepared that demonstrated
high antibacterial activity suitable for an intestinal disinfectant. These compounds are zwitterionic in nature and
are poorly absorbed through the gastroenteric tract but maintain the ability to cross the bacterial cell wall. X-ray
crystallographic data are presented to demonstrate the zwitterionic nature of these compounds. The structure-activity
relationship of this novel series of antibiotics is discussed and the derivative with the highest ratio between subcutaneous
and oral activity (6) was selected for clinical development. At the outset of this work several 3-(quaternary ammonium
bromides) (1-5) were prepared and tested for antibacterial activity. These compounds were demonstrated to be
too polar to even cross the bacterial cell wall but led to the synthesis of 6-11.

New derivatives of rifamycin SV! (Figure 1), with a
pharmacokinetic behavior different from that of rifamycin
SV itself and from that of rifampicin? (Figure 1), were
sought with the aim of exploring new specific applications
of this type of antibiotics. As references, rifamycin SV
undergoes rapid elimination via the biliary route,® while
rifampicin is not used for urinary or gastroenteric infec-
tions because of its low urinary elimination and good oral
absorption.* Therefore it was planned to synthesize new,
highly active, broad-spectrum rifamycin SV derivatives
that are able to cross the bacterial cell wall but are not
absorbed at the gastroenteric level and are thus suitable
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§ Universita di Roma.

+ Istituto di Strutturistica Chimica “Giordano Giacomello”.
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for the oral therapy of bacterial intestinal infections.
While structure-activity relationships (SAR) are well
defined for both intrinsic and antibacterial activity,® no
detailed study on the transport of rifamycins across the
gastroenteric membranes is yet available. Nonetheless, it

(1) Sensi, P.; Timbal, M. T.; Maffii, G. Experientia 1960, 16, 412.
) Maggi, G.; Pasqualucci, C. R.; Ballotta, R.; Sensi, P. Chemo-
therapia 1966, 11, 285.
(3) Bergamini, M.; Fowst, G. Arzneim.-Forsch. 1965, 15, 951.
(4) Binda, G.; Domenichini, E.; Gottardi, A.; Orlandi, B.; Ortelli,
E.; Pacini, B.; Fowst, G. Arzneim.—Forsch. 1971, 21, 1907.
(5) (a) Brufani, M. In “Topics in Antibiotic Chemistry”; Sammes,
P.G., Ed.; Ellis Horwood Ltd: Chichester, 1977; Vol. 1, pp
91-217 and references cited therein. (b) Lancini, G.; Zanichelli,
W. In “Structure-Activity Relationships Among the Semisyn-
thetic Antibiotics”; Perlmann, D., Ed.; Academic Press: New
York, 1977; pp 531-600 and references cited therein.
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Figure 1. General structural formulas of rifamycins.

can be assumed that their absorption takes place by pas-
sive diffusion across the lipoid membranes and is therefore
regulated by the distribution ratio between hydrophilic and
lypophilic phases.® A modulated enhancement in the
polarity, i.e., hydrophilicity, of these molecules appeared
thus to be an appropriate way of suitably changing their
pharmacokinetic behavior. This enhancement could be
achieved, for example, either by increasing the dissociation
of the phenolic hydroxyl at Cg or by introducing acidic
groups as in rifamycin B” (Figure 1) or by introducing
charged groups at C; and/or C,. The first two ways were
rejected, since it was already known that rifamycin B,
which bears a glycolic acid residue at C, (Figure 1), is
virtually inactive in vitro® and that a series of derivatives
of rifamycin S bearing electron-withdrawing substituents
at C;, which cause a net increase of the acidity of the
phenolic hydroxyl, was also found to be inactive.?

In both cases inactivity was attributed to the too highly
polar nature of the molecules, which impaired their ability
to penetrate the bacterial cell wall. The third way was
therefore chosen.

Results and Discussion

A series of 3-(quaternary ammonium bromide) deriva-
tives of rifamycin SV was synthesized by reacting 3-
bromorifamycin S with tertiary amines and subsequently
reducing to the hydroquinone SV form with ascorbic acid
(Table I, 1-5). These compounds were tested in vitro on
a few bacterial strains, but all displayed a poor spectrum
of antibacterial activity (Table I). Evidently the deriva-
tization had not lowered the intrinsic activity, since one
of the derivatives, 2, was as active as rifampicin against
isolated DNA-dependent RNA polymerase!! from Es-
cherichia coli (DDRP). It was therefore concluded that

(6) Shore, P. A.; Brodie, B. B.; Hogben, C. A. M. J. Pharmacol.
Exp. Ther. 1957, 119, 361.
(7) Oppolzer, W.;. Prelog, V.; Sensi, P. Experientia 1964, 20, 336.
(8) Furesz, S.; Timbal, M. T. Chemotherapia 1963, 7, 200.
(9) Bellomo, P.; Marchi, E.; Mascellani, E.; Brufani, M. J. Med.
Chem. 1981, 24, 1310.
(10) Dampier, M. F.; Chen, C.-W.; Whitlock, H. W., Jr. J. Am.
Chem. Soc. 1976, 98, 7064.
(11) Chamberlin, M. In “The Enzymes. Bacterial DNA-dependent
RNA polymerase”; Boyer, P. D., Ed.; Academic Press: New
York, 1974; Vol. 10, p 333.
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Table 1. Structural Formulas and Activity of

Compounds 1-5

EDS, mg/Kg
R* A B c D E p.o.
0.005-0.01 >50 =~50 25-50 12-25 >20

MIC? pg/mL

2 N ) 0.005-001 >50 >50 ~50 12-25 >20
o
3 N ) C—CH, 001 >50 >50 >50  >50 mef
CH,
a N ) <007 >50 >50 25-50 >50 n.eC
COOCH,
.
5 N 01-03 >50 >50 >50  >50 >20
CONH,

@ A = Staphylococcus aureus 209 P (FDA), B =
Escherichia coli ML/35, C = Klebsiella pneumoniae
Ottaviani, D = Salmonella paratyphi B 0248 K (Sclavo),

E = Psuedomonas aeruginosa ATCC 10145. Y Mouse
infection due to Staphylococcus aureus. ¢ Not evaluated.

Table II. Structural Formulas and Activity of
Compounds 6-11

CaHaN O

R

! ol

CH, Ry
MIC?® g /mL EDsomg/Kg
R R, A B o] D E p.0. S$.C.
8 4-CH, H <0005 ~6 ~25 ~6 ~15 >10 046
7 3-CH, H <0005 6-12 12-25 6-12 3-6 >5 >25
8 5-CH, H <0005 - 6-12 6-12 6-12 0715 >10 047
9 3-OCHCeH, H <0005 ~50 >50 >50 ~50 ne’ nef

10 [4.5-a] benzo <0.0056 12-25 12-26 ~3 0.7-15 222 081
1" H <0005 3-6 6-12 3-6 6-12 10.3 0.2
Rifampicin® <0005 6 25  ~12 12-25 0.4 0.4

¢ A = Staphylococcus aureus 209 P (FDA), B =
Escherichia coli ML/35, C = Klebsiella pneumoniae
Ottaviani, D = Salmonella paratyphi B 0248 K (Sclavo),
E = Pseudomonas aeruginosa ATCC 10145. Y Mouse
infection due to Staphylococcus aureus. € Not evaluated.
d See Figure 1.

e

the introduction of quaternary ammonium groups at C,
in rifamycin SV gives derivatives that are too highly polar
and unable to penetrate the bacterial cell wall, especially
in the case of Gram-negative bacteria. However, a few of
these compounds were tested in mice against the experi-
mental infection by Staphylococcus aureus, the bacterial
organism that resulted to be most sensitive to them, and
yielded a very high ED;, po (Table I), thus indicating a
low level of absorption.

A further attempt was made by reacting in a similar
manner as above 3-bromorifamycin S with 2-amino-
pyridines, a reaction that on similar naphthoquinonic
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Figure 2. Molecular structure of 4-deoxy-3’-bromopyrido-
[1,2":1,2]imidazo[5,4-c]rifamycin S. Courtesy of S. Cerrini.
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Figure 3. Resonance and tautomeric equilibria in 4-deoxy-
pyrido[1/,2":1,2]imidazo[5,4-c]rifamycin SV derivatives.

compounds leads to the formation of charged condensed
polycyclic systems.'? A new series of compounds (Table
I1, 6-11) was thus synthesized and their chemical identity
was unambiguously proved by NMR analysis and by sin-
gle-crystal X-ray analysis on a closely related derivative!®
(Figure 2). In detail, these rifamycin SV derivatives bear
a pyrido[1,2-a]imidazo system condensed to C;—C,. The
polycyclic system is entirely planar and therefore aromatic,
with a high contribution by charged forms to the resonance
structure (Figure 3), as confirmed both by X-ray analysis
and by electron spectroscopy for chemical analysis mea-
surements,!? showing the presence in these molecules of
two oppositely charged nitrogen atoms.

Almost all the compounds (6-11) were highly active in
vitro and gave good levels of protection in the experimental
infection in mice when administered parenterally, while
their systemic therapeutic efficacy was much lower in oral
administration (Table II). This difference in activity be-
tween the two ways of administration suggested that these
drugs either, as expected, are poorly absorbed when given

(12) (a) Mosby, W. L.; Boyle, R. J. J. Org. Chem. 1959, 24, 374. (b)
Mosby, W. L. In “The Chemistry of Heterocyclic Compounds”;
Weinberger, A., Ed.; Interscience: New York, 1961; Part 1, p
461. (c) Paudler, W. W.; Blewitt, H. L. J. Org. Chem. 1966, 31,
1295.

(13) (a) Brufani, M.; Cellai, L.; Cerrini, S.; Fedeli, W.; Marchi, E.;
Segre, A.; Vaciago, A. J. Antibiot. 1984, 37, 1623. (b) Cellai,
L.; Cerrini, S.; Segre, A.; Battistoni, C.; Cossu, G.; Mattogno,
G.; Brufani, M.; Marchi, E. Mol. Pharmacol. 1985, 27, 103.

Notes

po or else undergo inactivating transformations in the
gastroenteric tract. Therefore, compound 6,4 chosen
among those giving the highest ratio between subcutaneous
and oral activity (Table II), was tested pharmacokineti-
cally.

A first study'® on urinary and fecal recovery in rats of
6 given po yielded 53% of the unaltered drug in feces and
about 0.3% in urine, as measured by microbiological and
chemical methods. Analogous measurements performed
on 6 on serum and tissue levels in rats and on serum levels
in dogs showed absorption levels lower than 1% of the oral
dose. Furthermore, 6 was stable in gastric juice for 24 h.
Recovery of about 97% of radioactivity'” from feces was
observed after oral administration to rats of *H-labeled 6.1

These data indicate that our initial hypothesis was
justified, and compound 6 is now undergoing clinical trials.

A detailed interpretation at the molecular level of the
pharmacokinetic properties of these drugs is not yet pos-
sible. A chromatographic study on the partition behavior!®
of 6 showed that this compound is more lipophilic than
either rifamycin SV (AR, = 0.67) or rifampicin (AR, =
0.49). One can only observe that rifamycin SV derivatives
such as rifazine (Figure 1), which bears a benzophenazino
system condensed to C;—C,, display a high antibacterial
activity in vivo on oral administration.!® The most rele-
vant chemical difference between the benzophenazino and
the pyridoimidazo rifamycins seems to be the fact that
charged forms make a considerable contribution to the
resonance structure only of the latter (Figure 3). There-
fore, the peculiar pharmacokinetic properties of the py-
ridoimidazo rifamycin SV derivatives described in this
paper seem due to their zwitterionic nature at physiological
pH.

Experimental Section

Synthesis. Standard procedures were followed: 1 equivalent
of 3-bromorifamycin S!° was reacted with 5 equiv of amine for
compounds 1-5 and with 2 equiv of amine for compounds 6-11,
in chloroform, with stirring for 4 h at reflux for compounds 1-5
and for 2 h at room temperature for compounds 6-11. The
reaction products were then reduced with ascorbic acid, and their
purification was carried out by column chromatography on silica
gel 60. Each compound was identified by elemental analysis and
by 'H NMR.

Antimicrobial Activity. MIC values were determined in a
liquid medium by the serial dilution method in test tubes. The
medium used was brain—heart infusion (BHI, Difco). The in-
oculum size was always 10° cells/mL. MIC was defined as the
lowest antibiotic concentration able to prevent a visible growth
after 24 h of incubation at 35 °C.

EDg, Determination. Mice were infected by an intraperitoneal
route with 0.25 mL of a Staphylococcus aureus—hog gastric mucin
suspension in broth culture, standardized overnight to give an
infective inoculum of 10-100 lethal doses. The antibiotics were
administered immediately after infection either by an oral or
subcutaneous route. Groups of 10 mice were treated at each
dosage and route of administration. The number of animals

(14) Presented at the 3rd Mediterranean Congress of Chemother-
apy, Dubrovnik, Yugoslavia, Sept 21-24, 1982. Compound 6
is also reported under the names rifamycin L 105 (ref 16) and
rifaximin.

(15) Venturini, A. P. Chemotherapy 1983, 29, 1.

(16) Cellai, L.; Colosimo, M.; Marchi, E. J. Labelled Compd. Ra-
diopharm. 1983, 20, 1287.

(17) Cellai, L.; Colosimo, M.; Marchi, E.; Venturini, A. P.; Zanolo,
G. Chemiotherapia 1984, 3, 373.

(18) Biagi, G. L.; Barbaro, A. M.; Gamba, M. F.; Guerra, M. C. J.
Chromatogr. 1969, 41, 371.

(19) (a) Sensi, P.; Greco, M. A,; Furesz, S.; Maffi, G. Antimicrob.
Agents Chemother. 1966, 699. (b) Bickel, H.; Knusel, F;
Kump, W.; Neipp, L.; Sackmann, W. Ibid. 1966, 359.
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surviving 4 days after infection were recorded and the EDg, value
was calculated by the Reed and Muench method.?

Activity on Isolated DDRP. The inhibition tests of 2, further
purified by chromatography on a Merck Lobar prepacked column,
LiChroprep RP-8, 40-63 um, size A, eluted with acetonitrile-water
(8:2), and rifampicin (Boehringer, Mannheim), as reference
compound, on isolated DDRP from E. coli B (EC 2.7.7.6), were
performed according to standard procedures.!! A 20 nM con-
centration of enzyme and concentrations of the two antibiotics
up to 100 nM were used. At 20 nM both compounds yielded about
95% inhibition.

(20) Reed, L. J.; Muench, H. Am. J. Hygiene 1938, 27, 493,

Partition measurements: R, = log (1/R;— 1) as measured
by TLC on silica gel F plates impregnated with silicone DC 200
oil,'® eluting with a mixture of phosphate buffer (25 mM, pH 7.3)
and acetone (6:4). The color of the compounds allowed direct
positioning of the spots on the plate.

Registry No. 1, 95863-72-2; 2, 95863-73-3; 3, 95836-34-3; 4,
95836-35-4; 5, 95836-36-5; 6, 80621-81-4; 7, 80621-83-6; 8,
80621-82-5; 9, 96165-99-0; 10, 80621-85-8; 11, 80621-86-9; 3-
bromorifamycin S, 57375-25-4; triethylamine, 121-44-8; pyridine,
110-86-1; 4-tert-butylpyridine, 3978-81-2; methyl nicotinate, 93-
60-7; nicotinamide, 98-92-0; 2-amino-4-methylpyridine, 695-34-1;
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A Comparison of Mechanisms Proposed for the Conversion of Mitomycins into

Mitosenes
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Two mechanisms proposed for the acid-catalyzed conversions of mitomycins into mitosenes were investigated by
deuterium incorporation methods. Four different mitomycins, an aziridinomitosene, and an N-acetylmitomycin
all underwent the conversion in acetic acid-d with no incorporation of deuterium at C-1. This evidence suggests
that the mechanism based on initial elimination of the elements of methanol to give an aziridinomitosene is more
likely the correct one. The products of these reactions had considerable variation in the ratios of cis to trans isomers:
7-aminomitosanes gave a predominance of trans and 7-methoxymitosanes gave a predominance of cis. Treatment
of mitomycin C with DCl in D,0O gave predominantly cis product with about 45% deuterium exchange at C-1. The
isomeric 2,7-diamino-1-methoxymitosenes previously obtained by treating mitomyecin C in methanol containing acetic
acid were found to have stereochemistry opposite to that originally assigned by us.

The conversion of mitomycins into mitosenes is char-
acterized by complex and rather unpredictable chemistry.
However, it has important implications both in the sta-
bility of mitomycins!? and in the mechanisms of their
interactions with biopolymers. In particular, the alkylation
of DNA by mitomycin C involves its conversion into a
mitosene.?5

Treatment of mitomycins with acids results in the for-
mation of mitosenes in which the aziridine ring has been
opened, with the nitrogen remaining bonded to C-2 and
the nucleophile becoming bonded to C-1 (Scheme I).5¢
The predominance of cis over trans stereochemistry in
many of these products has been a subject of considerable
interest.*!! In strong acids, the mitosenes can be degraded

(1) Garrett, E. R. J. Med. Chem. 1963, 6, 488.

(2) Underberg, W. J. M.; Lingeman, H. J. Pharm. Sci. 1983, 72,
549,

(3) Iyer, V. N.; Szybalski, W. Science 1964, 145, 55.

(4) Tomasz, M.; Lipman, R.; Snyder, J. K.; Nakaniskhi, K. J. Am.
Chem. Soc. 1983, 105, 2059.

(5) Hashimoto, Y.; Shudo, K.; Okamoto, T. Chem. Pharm. Bull.
1983, 31, 861. :

(6) Webb, J. S.; Cosulich, D. B.; Mowat, J. H.; Patrick, J. B.;
Broschard, R. W.; Meyer, W. E.; Williams, R. P.; Wolf, C. F.;
Fulmor, W.; Pidacks, C.; Lancaster, J. E. J. Am. Chem. Soc.
1962, 84, 3186.

(7) Stevens, C. L.; Taylor, K. G.; Munk, M. E.; Marshall, W. S.;
Noll, K;; Shah, G. D.; Shah, L. G.; Uzu, K. J. Med. Chem. 1964,
8, 1.

(8) Taylor, W. G.; Remers, W. A. J. Med. Chem. 1975, 18, 307.

(9) Cheng, L.; Remers, W. A. J. Med. Chem. 1977, 20, 767.

(10) Tomasz, M.; Lipman, R. J. Am. Chem. Soc. 1979, 101, 6063.
(11) Hornemann, U.; Takeda, K. “Abstracts of Papers”, 182nd

National Meeting of the American Chemical Society, New
York, NY, Aug 1981; American Chemical Society: Washing-
ton, DC, 1981; MEDI 89.

further by hydrolysis of the carbamate and 7-amino
groups.'®7 Two different mechanisms have been proposed
for the conversion of mitomycins into 1,2-disubstituted
mitosenes by acids and they both are attractive.?” We
thought that it might be useful to evaluate their relative
importance. The first mechanism (Scheme I, path A) was
proposed by Stevens and co-workers to account for their
observation that at least 40.5% of the hydrogen at C-1 was
exchanged for deuterium when mitomycin C (I) was
treated with CH;CO,D for 15 min at room temperature.’
Their mechansim begins with protonation of the aziridine
nitrogen and ring opening with incorporation of a trans
acetoxy group at C-1. The resulting intermediate then
undergoes trans elimination of methanol (in a two-step
reaction involving an imminium ion) from C-1 and C-9a
to give the 1-acetoxy 1(9a)-ene, which adds deuterium at
C-1 as it loses a proton from C-9 to form the mitosene
structure. Although not suggested by the authors, this
mechanism can explain the predominance of cis stereo-
chemistry because the deuterium ion would prefer to ap-
proach the double bond from the side opposite to the
2-amino group, which should be protonated in acid (pK,
=~ 7). These authors noted that other mechanisms must
be operating because much of the hydrogen at C-1 was not
exchanged.

The second mechanism (path B) was proposed recently
by Underberg and Lingeman.? It begins with protonation
of the 9a-methoxy group, which leaves as methanol and
forms an immonium ion. Loss of the hydrogen at C-9 then
gives an aziridinomitosene (8). Protonation on the aziri-
dine nitrogen results in ring opening to give a C-1 carbo-
nium ion, stabilized by conjugation with the 9,9a-double
bond. The nucleophile then adds to C-1, with possible
hydrogen bonding between it and the 2-amino and 10-oxy
groups serving to control the stereochemistry of the
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